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A. ELECTRON EMISSION PROBLEMS
1. A Magnetic Velocity Analyzer Investigation of Thermionic Emission
from Single Crystal Tungsten Filaments
During the last quarter, work has been carried out on three phases of the project:
(a) preparation of a satisfactory crystal; (b) construction and vacuum processing of the
experimental tube; and (c) testing the operation of the tube.
Ten filaments were ground and polished. Six of them were mounted in an improved
version of the Johnson-Schockley projection tube where they were recrystallized by
heating. A very perfect crystal, 3 cm long, appeared in one of these filaments and was
subsequently transferred to the velocity analyzer tube.
The tantalum parts of the velocity analyzer tube were pre-outgassed and assembled.
Accurate positioning of the lens slit, the analyzer entrance slit, the anode slit, and the
axis of filament rotation was maintained by holding the parts in a jig while glass was
flowed around their support wires.
The completed velocity analyzer tube was then evacuated. The evacuation schedule
lasted five days and involved three baking-outgassing cycles. After seal-off, the pres-
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sure in the tube stabilized at 1 x 10 mm Hg as indicated by a Bayard-Alpert ionization
gauge attached to the tube.
Tests on the tube indicate that a satisfactory beam of electrons can be obtained from
the analyzer when the analyzer chamber is only 3 volts positive with respect to the fila-
ment. With this filament-to-analyzer potential difference, the resolution of the analyzer
is better than 0. 01 volt. By proper adjustment of the lens voltage, the anode may be
operated from 25 to 1500 volts positive with respect to the filament.
At the present time, energy distribution curves are being taken in different crystal-
lographic directions. Inparticular, reproduceable measurements in the (110) direction
show that its work-function is about 0.6 ev higher than that of the (112) direction.
Because of a spurious current, previous thermionic measurements in the (110) direction
by Nichols (1) and Nichols and Smith (2) have not shown this high work-function, though
it has been inferred from field emission studies.
It seems likely that useful information regarding the patchiness of some directions
of emission may be obtained by taking energy distribution curves as a function of applied
field.
A. R. Hutson
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2. Photoelectric Investigation of Surface States on Insulators
Further work on the photoemission from crystalline quartz indicates that the results
reported previously were due to contamination of the surface and are not characteristic
of a clean surface. During the processing of the tube on which the early data were taken,
the tungsten filament was flashed for outgassing at a temperature such that appreciable
amounts of tungsten would be evaporated onto the sample. This contamination has been
carefully avoided in the subsequent tubes, which do not show photoemission upon intense
direct illumination by a high-pressure mercury arc. A short pulse of current was noted
upon illuminating and darkening the sample, but this was shown to be a thermal effect
by noting its persistence to long wavelengths and its reversal when the sample was
"illuminated" by a body at liquid air temperature. This effect is attributed to the estab-
lishment of a thermal gradient across the sample as a result of differing absorption
coefficients at the free and aluminized surfaces.
A tungsten filament was flashed in a tube which previously showed no emission. After
one-tenth monolayer of tungsten was deposited on the surface, the yield was high enough
so that the spectral distribution of the photoemission could be measured. The work-
function was determined by the Fowler method to be approximately 4. 5 ev, as contrasted
with the work-function of 4. 65 ev determined for the previous contaminated tube. This
sample was then exposed to various gases and to discharges in these gases. A discharge
in oxygen caused the photoemission to become undetectable, and a discharge in hydrogen
caused it to reappear with lower quantum efficiency. In the light of these experiments,
it seems that the photoemission from quartz is very much dependent upon contaminants,
and that photoemission from the surface states of the clean crystal is so small as to be
undetectable, if it exists at all.
A tube has been constructed for the study of photoemission from powdered magnesium
oxide as a function of the particle size. In this tube the magnesium oxide is prepared
in very small particles by decomposing the carbonate at a low temperature, and the
particle size is increased by sintering at higher temperatures. Preliminary results
show photoelectric activity at wavelengths greater than 3000 A, for which a single crystal
magnesium oxide sample showed no detectable emission.
R. N. Noyce
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3. A Redetermination of the Crystallographic Variation of Electron Field
Emission from Tungsten
Two field emission projection tubes have been built and tested. These tubes consist
of a tungsten point mounted at the center of a glass sphere which is coated on the inside
with conducting glass and a phosphor. When the conducting glass is held a few thousand
volts positive with respect to the point, electrons are field-emitted from the point and
travel almost radially to the phosphor. The pattern of light on the phosphor is charac-
teristic of the material from which the point was constructed.
The first tube was a failure because of spurious field emission from a carbon film
inadvertantly deposited on parts of the tube while the phosphor was being airbaked. This
difficulty has been avoided in a second tube which is still being evacuated. Immediately
after the point has been cleaned by a high temperature flash, this tube yields a pattern
typical of clean tungsten. However, the pattern changes in a few minutes because of
gas adsorption on the point. To maintain a stable pattern for approximately an hour,
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the partial pressure of adsorbable gases must be about 10 mm Hg. At present, pres-
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sures of about 4 x 10 mm can be maintained in the tube as long as field emission
currents are not drawn. However, if 80 La of field emission current are drawn, the
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pressure increases to approximately 5 x 10 mm. This increase is presumably due
to the evolution of gas under electron bombardment by the zinc silicate phosphor, the
remnants of the nitrocellulose binder, or the stannous chloride conducting glass. It is
hoped that prolonged bombardment will reduce this evolution of gas. Furthermore, these
tests are being done with the tube sealed on the vacuum pumps. When tubes are sealed
off, the pressure usually decreases because of pumping by the ion gauge. This will help
in attaining the required high vacuum.
J. M. Houston
4. Conduction Mechanism in Oxide-Coated Cathodes
The type of experimental tube being used in these investigations has been described
in previous reports. It will be recalled that the essential feature of this tube consists
of two parallel planar cathodes mounted in such a manner that their surfaces may be
brought into complete contact. In addition, the cathodes may be separated with the
spacing controllable to a high degree of accuracy. To date, eight of these tubes have
been constructed and the properties of their cathodes observed. At first some difficulty
was experienced in obtaining cathodes in a normal state of activation; however, by
making certain changes in the choice of cathode materials, these difficulties have been
brought under control. The most significant results that have been obtained from these
experiments so far may be briefly summarized in three catagories.
a. The ratio of the conductivity to the thermionic emission at 10000 K should be
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approximately equal to or less than 3 X 10 - 3 cm/amp-ohm, according to the pore-
conduction theory. Values for this ratio that have been reported in the literature vary
from one to three orders of magnitude larger than this. Only in one instance has a value
as small as this been observed in the present series of experiments, most of the values
being about an order of magnitude larger. Attempts to show that these large values are
due to a deactivation of the exposed cathode surfaces have not been encouraging. Conse-
quently, this type of measurement remains as the principal objection to the pore-
conduction theory in its present form.
b. A series of experiments has been carried out to ascertain whether actual physical
contact between the two cathode surfaces is necessary in order to obtain conductivity
of the cathodes. If the current is carried by the electron gas in the pores, such physical
contact should not be required. Conductivity measurements were made with the cathodes
pressed together. Plotted as a function of 1/T, the familiar types of curves were produced.
That is, above about 8000 K the points fall along a straight line having a slope of the
order of 1 ev while below about 8000 K the points fall along a line with a slope of only
a few tenths of an electron volt. When the cathodes were separated by about 0.1 or 0.2
mm, the points in the high-temperature region remained essentially unchanged, but at
a lower temperature they continued along the same straight line down as far as could be
measured. These results are consistent with the conduction in the high-temperature
region, being a function of the electron gas in the pores. However, further study has
shown that these results could be obtained even though only approximately 10 percent
of the current passed through the pores. Thus while these experiments are compatible
with the pore-conduction theory, they are not adequate for complete confirmation of the
theory.
c. While carrying out the experiments in the last category, certain qualitative
observations were made that may be of great importance in determining the conduction
mechanisms for oxide cathodes. It was observed that in the low-temperature region
the conductivity was very dependent on the amount of force used in pressing the cathodes
together. In fact, by increasing this pressure above that normally exerted by the spring-
loading, it was possible to increase the conductivity by one or two orders of magnitude.
This effect was completely absent in the high-temperature region. This immediately
suggests that the apparent conductivity in the low-temperature region is but a very small
fraction of the specific conductivity of the individual particles and that the contact
between these particles is normally rather poor. In the high-temperature region the
electron gas in the pores should serve to improve the contact between the particles.
These suggestions are being studied as a possible means of modifying the pore-
conduction theory in order to bring about better agreement with the measurements
discussed in category (a). A special tube is also being designed in order to obtain
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quantitative data on this pressure effect.
E. B. Hensley
B. PHYSICAL ELECTRONICS OF THE SOLID STATE
1. Investigations of Electron-Bombardment-Induced Surface Conductivity
in Potassium Chloride
The present work was suggested by observations made in 1951 during some experi-
mental studies with the dark trace cathode ray tube. During preparation of a screen
for a cathode ray tube, a glass insulator received a surface film of potassium chloride.
In subsequent tests on the tube, the insulator showed a radical increase in conduc-
tivity during bombardment with 400-volt electrons. No explanation for the effect was
readily apparent, and data were insufficient to permit definite classification of the effect
among the known phenomena occurring in potassium chloride films under electron
bombardment.
It is the objective of the current work to reproduce and study this effect under care-
fully controlled conditions. A tube has been designed and is now under construction in
which the various parameters such as sample voltage stress, current, bombarding
electron energy, and density may be independently controlled. In this way their effects
can be evaluated.
J. H. Whitley
C. EXPERIMENTAL STUDIES
1. Vacuum Studies
An omegatron of somewhat different design than the original Bureau of Standards
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model has been successfully operated. At a pressure of 10 mm Hg three resonance
peaks have been identified as He , and He 2 , and N 2 . A vibrating-reed electrometer
is used as the detector. At present an investigation is being made of the relative abun-
dance of He+ and He+ as a function of pressure. A more complete report will be given
when this study on the effect of different operating conditions has been completed.
W. J. Lange
2. Ionization Gauge Studies
Based on more than a year of experimental use, the Bayard-Alpert ionization gauge
with the M. I. T. screen grid modificator (described in Quarterly Progress Report,
Research Laboratory of Electronics, M. I. T. Jan. 15, 1952) has proved to be a very
practical device for the determination and maintenance of ultra-high vacuum. It now
seems worthwhile to make further studies on certain of its properties. First, it is
desirable to establish better gauge constants for the gases, helium, argon, and nitrogen.
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The new constants will be determined on a number of different gauges of like construc-
tion. Secondly, the cleanup rate and its mechanism as applied to the gases mentioned
will be studied for this gauge.
Past studies indicate that the cleanup rate for helium is quite rapid and that its
mechanism is the driving of doubly-ionized ions (ionized by electrons with an energy of
approximately 100 ev) into the glass walls of the tube. The mechanism of nitrogen clean-
up seems to be the dissociation of the nitrogen molecule and subsequent chemical reac-
tions. The cleanup rate of argon is quite slow, if not nil, and no mechanism has been
proposed.
Preparation of equipment for these studies is almost complete. A Compton quadrant
electrometer has been set up for measuring the very low currents to be encountered.
A new vacuum system is now being finished and twelve Bayard-Alpert gauges have been
built.
J. D. Hobbs, D. H. Dickey, L. E. Sprague
3. Ionization Gauge Control Studies
A number of modifications of the ionization gauge control circuit are being planned
and carried out. In order to illustrate the block diagram shown in a previous report,
Fig. I-1 shows the basic features of the control circuit.
The proposed modifications of the trial
version of the control circuit include a
combined off-warmup-zero and range-
selector switch in order to reduce the
number of necessary controls. A simple
emission current adjustment circuit has
also been decided upon. In addition, a
convenient way has been found to include
the option (by means of a circuit selector
switch) of reading the pressure directly on
the null meter scale without making a null
adjustment for each pressure reading.
Fig. I-1 This direct-reading method, of course,
Ionization gauge control circuit. sacrifices the unique stability resulting
from the measurement of the current ratio
directly in the basic null circuit. A safety
device which requires very few additional parts will be included to turn off the ion gauge
in the event that the ion current (and therefore pressure) in the gauge becomes too
large.
S. Aisenberg
-6-
(I. PHYSICAL ELECTRONICS)
D2
0-6
Fig. 1-2
Optical System
Synchronous motor - 1800 rpm
Standard cathode - with W-Ni thermocouple
Limiting aperture - 0. 099 inch
Chopper - 3 sections
Right-angle prism - aluminized surfaces
Tube under test - same cathode surface as
standard tube
Quartz lens - f = 2. 4 cm
Lead sulphide cell.
Fig. I-3
90-cycle amplifier - block diagram.
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4. An Infrared Radiation Pyrometer
Details of the optical system of the pyrometer have been completed, and the amplifier
has been rearranged to eliminate one stage. A rough model of the instrument has been
constructed and tested.
The optical system, shown schematically in Fig. 1-2, utilizes a null detection device
in place of the previously anticipated direct-reading method. Images from each of the
two cathodes will be focused on the same spot of the lead sulphide cell by means of the
aluminized right-angle prism and the single quartz lens. When the two tubes are at the
same temperature, there will be no signal through the amplifier and the temperature
may be read from the standard tube by means of the built-in tungsten-nickel thermo-
couple.
Revision of the amplifier consisted of arranging the various stages in such a way
as to increase the stability. With the
.0000 arrangement shown in the block diagram,
Fig. 1-3, it was found that a single twin-T
I11ter networK ana ieeadacK loop was sui-
ficient. By placing the stage with the
twin-T toward the output end of the ampli-
fier, instabilities due to this stage have
been minimized.
The model now being tested has merely
a single optical channel and is intended for
use with specially built tubes containing
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The data shown are preliminary, and it is expected that both the sensitivity and
accuracy of the instrument can be improved with the use of a more rigidly constructed
model which will be begun in the fall quarter.
W. M. Bullis
-9-
